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1
Introduction
In the past RAN4 meetings, some studies on Spectrum Emission Mask (SEM) or ACLR requirements for E-UTRA UE were made in [1],[2],[3],[4] and [5]. This paper provides further investigations based on the agreed conditions and some assumptions in [6] or [7].
First, evaluation of proper MPRs (Maximum Power Reductions) that satisfy current working assumption for ACLR requirements is made for several combinations of system bandwidths and Resource Blocks (RBs). With these MPRs, SEM assumed in [6] or [7]. Lastly, additional MPRs to conform spurious emission requirements for PHS band are checked.
2 ACLR requirements
Evaluation method

To evaluate proper MPR to satisfy ACLR requirements, measurement of E-UTRA UL signals are made using an actual power amplifier as in [5], but this time, agreed transmit power of +23dBm in [7] is applied as a definitive condition and all the parameters for the transmitters were optimized again. In the measurement, Resource Blocks (RBs) are placed at the lower edge of the transmit band as shown in Figure 2.1. Other conditions for the measurement, e.g. combinations of number of RBs and channel bandwidths, are summarized in Table 2.1. In each condition, UL power is reduced until the required ACP (Adjacent Channel Power) is satisfied. It should be noted that in this measurement, a certain implementation margin are incorporated.
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Figure 2.1 ACLR measurement
Table 2.1 Test conditions
	#
	Item
	Parameter
	Remarks

	1
	UE output power
	+23.0 dBm
	

	2
	UE operating band
	E-UTRA Band 1 (2GHz band, FDD)
	

	3
	ACLR requirements
	33 dB (-9dBm/3.84MHz @2.5MHz offset from the Tx band edge)
43 dB (-19dBm/3.84MHz @7.5MHz offset from Tx band edge)
	(ACP1)
(ACP2)

	4
	Channel BW
	5MHz
	10MHz
	15MHz
	20MHz
	

	5
	Number of resource blocks
	1,4 – 8, 10,15,20,25
	4－8,10,15,16,20,25, 30,35,40,45,50
	6, 8,10,12,15,18,
20-75 (Step 5)
	10-100(Step 5) 8,32
	

	6
	Modulation
	QPSK, 16QAM
	

	7
	Position of RBs
	Lower Edge of the Tx band
	

	8
	Time Windowing
	Raised Cosine, 12 samples
	

	9
	Power amplifier (PA)
	Real GaAs HBT-PA
	Capable to Rel-6 ACLR requirements


Table 2.2 Reference signal conditions

	#
	Item
	Parameter
	Remarks

	1
	Tx signal
	HSUPA (Release 6)
	

	2
	Spreading factor
	4
	

	3
	Beta factors
	βc = 10, βd1 = 15, βec = 20, βed1 = 28
	


Measurement results

Required MPRs to satisfy either ACP1 or ACP2 are plotted in each chart in Fig.2.3. As the number of RBs increases, Required MPRs become larger. In order to satisfy ACP2 cases for wider system bandwidths (or larger number of RBs), required MPRs would be considerably higher. It should also noted that in these regions where larger required MPR is required to satisfy ACP2, required MPRs for ACP1 are reduced. It would mean that adjacent leakage power amount is spread towards far side from the transmit spectrum. Regarding the operation in other UMTS/LTE operation band (e.g. Band 5 or Band 6 in 800MHz band), it is till for further study but similar behaviour with those in Band 1 (2GHz band) would be expected.
.
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Figure 2.3 Required Power Reductions
Proposed Power Reduction Table

Based on the measurement results in the previous section, required MPRs for channel bandwidth of 5,10,15 and 20MHz are derived and proposed in Table 2.3. Also a text proposals for Table 6.2.3-1 in TR36.803 [7] is attached. In this proposal, MPRs satisfying ACP1 (ACLR1) requirement are considered but extra MPRs to meet ACP2 requirement are NOT applied but considered as a extra MPR for ACP1 which may reduce ACP2 as well.
Table 2.3:  Maximum Power Reduction (MPR)

	Modulation
	Channel bandwidth / Transmission bandwidth configuration [RB]
	MPR (dB)

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	QPSK
	-
	> [TBD]
	> [TBD]
	> [TBD]
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ 6 
	≤ 8
	≤ [10]
	≤ [10]
	0

	16 QAM
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ 8 
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> [TBD]
	> [TBD]
	> [TBD]
	> [TBD]
	> 8 
	> 12
	> 16
	> 18
	≤ 2


------------- < Text Proposal for TR36.803 > -----------------

6.2.3
Maximum Power Reduction (MPR)
Background

 The number of RB identified in Table 6.2.3-1 and 6.2.3-2 is based on meeting the E-UTRA ACLR1 and UTRAACLR1   requirements as specified in clause 6.6.2.2 and requires MPR reduction due to CM. In which case simple scaling can be used to derive the requirement for other bandwidth based on the previously agreed value for 5MHz channel bandwidth [R4-06XX] 

E-UTRA requirements

For the UE Power Class 3, the Maximum Power Reduction (MPR) due to higher modulation and transmit bandwidth configuration (resource block) is specified in Table 6.2.3-1

Table 6.2.3-1:  Maximum Power Reduction (MPR)

	Modulation
	Channel bandwidth / Transmission bandwidth configuration [RB]
	MPR (dB)

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	QPSK
	-
	> [TBD]
	> [TBD]
	> [TBD]
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ 6
	≤ 8
	≤ [10]
	≤ [10]
	0

	16 QAM
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ 8 
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> [TBD]
	> [TBD]
	> [TBD]
	> [TBD]
	> 8 
	> 12
	> 16
	> 18
	≤ 2


------------- < End of text Proposal for TR36.803 > -----------------

3. Spectrum Emission Mask
A spectrum Emission Masks in Table 3.1 are investigated. The SEMs are derived from Table 6.6.2.1.1-1 in [7], but for the first row in the table, the values in [1] are used with scaling by the measurement bandwidth. The measurement results in [5] are reviewed with the conditions and MPRs proposed in section 2 in this document. It is confirmed that the SEMs in Table 3.1 would be fit in with the nominal spectrum emissions of E-UTRA UL in [5].
Table 3.1: General E-UTRA spectrum emission mask 

	ΔfOOB  (MHz)
	Spectrum emission limit (dBm)/ Channel bandwidth
	Measurement bandwidth

	
	1.4    MHz
	1.6    MHz
	3.0       MHz
	3.2 MHz
	5       MHz
	10  MHz
	15     MHz
	20    MHz
	

	( 0-1
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	-15
	-18
	-20
	-21
	30 kHz

	( 1-2.5
	[-10]
	[-10]
	[-10]
	[TBD]
	-10
	-10
	-10
	-10
	1 MHz

	( 2.5-5
	[-25]
	[-25]
	[-10]
	[-10]
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	
	
	[-25]
	[-25]
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	
	
	-25
	-13
	-13
	-13
	1 MHz

	( 10-15
	
	
	
	
	
	-25
	-13
	-13
	1 MHz

	( 15-20
	
	
	
	
	
	
	-25
	-13
	1 MHz

	( 20-25
	
	
	
	
	
	
	
	-25
	1 MHz


4 Spurious Emission requirement for PHS
The measurement results in [5] are reviewed with regard to the spurious emission requirement in Table 4.1. The measurement conditions and measurement results in [5] are repeated in Table 4.2, Fig. 4.1 and Table 4.3 respectively. 

Technical aspect with the frequency arrangement in three cases (Case 1, 2 and 3) are investigated further. Looking at the measurement results in Table 4.3 considering the MPR step of 1dB agreed in [7], it can be seen that Case 1 and Case 2 would cause effectively the same MPR while for Case 3, some conditions require 1dB higher MPRs. Since the Case 2 would allow wider deployment in the frequency band, Case 2 condition would have advantage in that sense.
Table 4.1 UE additional spurious emissions requirement for PHS band

	1884.5 MHz f 1919.6 MHz
	-41 dBm/300 kHz
	Until May 2012 in Japan

	1884.5 MHz f 1916.0 MHz
	
	From June 2012 in Japan
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Figure 4.1 RBs allocation and SEM (with ACPs)
Table 4.2 Test conditions
	#
	Item
	Parameter
	Remarks

	1
	UE operating band
	E-UTRA Band 1 (2GHz band, FDD)
	

	2
	Modulation
	QPSK, 16QAM
	

	3
	Spurious emission limit
	-41dBm/300kHz (@ Δf offset from the edge of Tx band)
	See also Table 1 in [3]

	4
	Offset freq. Δf
	Case 1: Channel BW + 5MHz
Case 2: Channel BW + 4MHz

Case 3: Channel BW + 0.4MHz
	

	5
	Channel BW
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	6
	# of resource blocks
	25
	50
	75
	100
	

	7
	Modulation
	QPSK, 16QAM
	

	8
	Position of RB allocation
	Lower Edge of the Tx band
	

	9
	Time Windowing
	Raised Cosine, 12 samples
	

	10
	Power amplifier (PA)
	Real GaAs HBT-PA
	Capable to Rel-6 ACLR requirements


Table 4.3 UL TX power (and required absolute MPR ) conform with PHS spurious emissions
	#
	# of RBs
	Channel BW
	Δf

	
	
	
	Case 1: 

Channel BW +5 MHz
	Case 2: 

Channel BW +4 MHz
	Case3: 

Channel BW +0.4 MHz

	
	
	
	QPSK
	16QAM
	QPSK
	16QAM
	QPSK
	16QAM

	1
	25
	5 MHz
	22.3

(0.7→1.0)
	21.9

(1.1→2.0)
	22.0

(1.0→1.0)
	21.4

(1.6→2.0)
	21.0

(2.0→2.0)
	20.3

(2.7→3.0)

	2
	50
	10 MHz
	21.7

(1.3→2.0)
	21.3

(1.7→2.0)
	21.6

(1.4→2.0)
	21.4

(1.6→2.0)
	21.2

(1.8→2.0)
	20.8

(2.2→3.0)

	3
	75
	15 MHz
	21.6

(1.4→2.0)
	21.4

(1.6→2.0)
	21.7

(1.3→2.0)
	21.5

(1.5→2.0)
	21.7

(1.3→2.0)
	21.0

(2.0→2.0)

	4
	100
	20 MHz
	21.7

(1.3→2.0)
	21.1

(1.9→2.0)
	21.6

(1.4→2.0)
	21.1

(1.9→2.0)
	21.4

(1.6→2.0)
	20.9

(2.1→3.0)


Note: In each cell，figures refer to UL Tx powers in dBm and figures in ( ) represent absolute MPRs and rounded absolute MPRs.
To get additional MPR requirements applied for this particular scenario, baseline MPRs proposed in Table 2.3 are subtracted from the absolute MPR shown in Table 4.3. Resultant Additional MPRs are summarised in the most right hand side column in Table 4.4 and corresponding  text proposal for Table 6.2.3.4-1 is attached below. Since the actual frequency arrangement for LTE in Band 1 has not been finalized and the lower frequency range in the band than Case 2 scenario would be used, A-MPR for these case would need further study and for future consideration.
Table 4.4 UL TX power (and required absolute MPR ) conform with PHS spurious emissions (w/o margin)
	#
	# of RBs
	Channel BW
	Δf
Channel BW +4 MHz
	Base MPR*
	A-MPR

	
	
	
	QPSK
	16QAM
	QPSK
	16QAM
	QPSK
	16QAM

	1
	25
	5 MHz
	22.0

(1.0→1.0)
	21.4

(1.6→2.0)
	1 dB
	2 dB
	0 dB
	0 dB

	2
	50
	10 MHz
	21.6

(1.4→2.0)
	21.4

(1.6→2.0)
	1 dB
	2 dB
	1 dB
	0 dB

	3
	75
	15 MHz
	21.7

(1.3→2.0)
	21.5

(1.5→2.0)
	1 dB
	2 dB
	1 dB
	0 dB

	4
	100
	20 MHz
	21.6

(1.4→2.0)
	21.1

(1.9→2.0)
	1 dB
	2 dB
	1 dB
	0 dB


*: MPR values in Table 2.1.
------------- < Text Proposal for TR36.803 > -----------------

6.2.4
Additional MPR allowed for “Additional spectrum emission” requirements

Background 
1. It is proposed that some  “additional spectrum emission” requirements are signalled to the UE by the network as part of the cell handover/broadcast information, to indicate to the UE that it is required to meet the indicated “additional spectrum emission” requirement for a particular cell to address a specific regulatory or deployment scenario. 

2. The benefit of signalling the “additional spectrum emission” requirement is that is can be specified on case by case basis. For example a “sandwich” deployment in the same operator block would not need an ”additional spectrum emission” requirement compared with a channel assignment next to an adjacent operator block where regulatory requirements may be applicable. 

3. Some cell specific scenarios are identified in table 6.2.3.4-1 For example; 

i. NS_02  can be used to support an  UTRA ACLR2 value of 43dB/3,84MHz value if needed 

ii. NS_03 can be  used to address FCC requirement 

iii. NS_04 is used when a 10 MHz channel bandwidth  (50 RB allocation need to meet the same OOB and spurious emission mask as a 5MHz channel bandwidth  OOB requirement. 

iv. NS-06 for PHS protection for larger channel bandwidths (15, 20 MHz)

4. The need to meet an “additional spectrum emission” requirement will require improved transmitter linearity. This will result in lower transmitter efficiency, increased thermal dissipation and worse battery life. Hence some additional MPR may be required for the UE in this case. Hence it is important to minimise the scenario where it is needed to meet “additional spectrum emission” requirements.
5. For the cases where “additional spectrum emission” requirements need an additional MPR, then an upper limit for A-MPR should be specified. 
6. ”Additional spectrum emission” requirements should only be used in a restricted  set of transmission bandwidth configurations and deployment scenarios
E-UTRA Requirements

“Additional spectrum emission” requirements are signalled by the network to indicate that the UE shall meet an “additional spectrum emission” requirement in a specific deployment scenario as part of the cell handover/broadcast message. To meet these additional spectrum emission requirements the concept of A-MPR is introduced. 

For UE Power Class 3 the specific requirements and identified sub-clauses are specified in table 6.2.3.4-1, along with the proposed allowed A-MPR values that may be needed to meet these requirements. The A-MPR values specified below are in addition to allowed MPR requirements specified in clause 6.2.3
Table 6.2.3.4-1: Additional Spectrum Emission requirements (showing Additional Maximum Power Reduction (A-MPR))

	Network Signalling value
	Requirement (sub-clause)
	Transmission bandwidth (RB)
	A-MPR (dB)
	Description   [Informative – refer to requirement sub-clause for band and channel applicability]

	
	
	
	
	Comment
	E-UTRA Band
	Channel bandwidth (MHz

	NS_01
	-
	-
	0
	No Additional requirement
	-
	-

	NS_02
	6.6.2.2.1
	>[30]
	≤ [3]
	UTRAACLR2bis  value
	1, 6, 9,10,11
	10

	NS_03
	6.6.2.1.2
	>[5] 
	≤ [1.5]
	FCC Part 22
	2, 4,10
	3

	
	6.6.2.1.2
	>[5]
	≤ [1.5]
	FCC Part 22
	2, 4,10
	5

	
	6.6.2.1.2
	>[7]
	≤ [1.5]
	FCC Part 22
	2, 4,10
	10

	
	6.6.2.1.2
	TBD
	TBD
	FCC Part 22
	2, 4,10
	15

	
	6.6.2.1.2
	TBD
	TBD
	FCC Part 22
	2, 4,10
	20

	NS_04
	6.6.2.1.2.3
	>[30]
	≤ [2]
	5MHz channel OOB 
	1,3,7,8
	10

	
	6.6.3.2.1
	
	
	5 MHz spurious 
	
	

	NS_05
	6.6.2.1.2.2
	TBD
	
	FCC Part 27
	TBD
	TBD

	NS_06
	6.6.3.2.3
	≥ [50]
for QPSK
	≤ 1
	PHS Protection
	1*
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Note: * Applicable when the edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to 1920MHz + the Channel BW assigned. Operations below this point are for further study.


Note:
0 ≤A-MPR ≤ [3],
------------- < End of text Proposal for TR36.803 > -----------------

5 Conclusions

MPRs (Maximum Power Reductions) that satisfy current working assumption for ACLR requirements, investigations on the SEM with the MPRs for ACLR and additional MPRs to conform to spurious emission requirements for PHS band are investigated and corresponding texts for the technical report are proposed.
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